00 3B

P1 ,
5o | * logs100-logs4
* logs25
-3 2
00 2A, 4A
P2 of m=1E-06
Bl | | :
o’ P=060Q+18
o Inp=0-6lng+1-8 o’ Inp=Ina+blng
* Ing™ o Inp=0-6lng+1-8
** In6-05 o Ina=1-8
** p=6-054"" *“ 2=6-05 b=0-6
F q OR
01 3C
P1 1 4 2
Q8 . log, 6™ —log, 4
6
o2 logr4—2
o all processing leading to x =51
01 1B, 3A
P1 1

Q10 . a=1 and b=3

*=  a"log—shaped" graph of the same orientation
. sketch passes through (0, -3) (labelled)
ot sketch passes through (7,0) (labelled)

01 |[3C

P2 15

Q9 oL 245= A
> eg 15k=In2
o k=046

02 |4A

2111 ol log. y =-2(log; x)+1

* log y=log x~ +...

 .+logs5
4 = -2
* y=ox
02 |3B
P2
o7 | v logs (x~2) = -1
o> x-2=3"7
o x=21
2.0A | 2B,2A
N) 1

02 ¢ sketch with y —axis reflection

P1 »?  sketch with translation | ! to I —axis




> (0,-7)

o (3,0
5.(A | 3A
N) 1 2 . 2 ol _ cosTx _
02 * log,p+log,r=cos” x+sin” x p=4a r=a
P1 o’ log, p+log,r=log, pr . p'r:.:z':‘"s_x‘s"III
3 ] —1 and so pr = o r=al=na
og, pr and so pr=a OR p
6.JA | 1C, 4B
N) ol
02 as0
R
P21 &2 9500 =050 % 2.6°2 10 =2.6°2
*® logyp 10 = logy, 2.6%
ol g_gleﬂgl—c‘m_
log; 2.6
¢ #-12 hours
03 A4A
2112 o 1n(2en-‘“_1u(3cf
2 (2e)°
(3e)’
** In(¥)
o' 1+1n(8)-In(9)
03
p2
Q11

ol expo sketch thr (0,2)
*  expo sketch thr (0,a)

P .I‘Ex+l=f1x+l
o axagt—a"=1

*’ (a-1)xa* =1 ... & complete




Alternative 1

s I

Let x=log, (:Tl)

Then L =a*
a-1

x+l
y=a"+1 y=a
1 ; _ x
— = *
_a_1+1 i1 i
1
I —_——
= _2—1XH
_ a
T a-l

..ocurves intersect at (ln::ugﬂ (ﬂl_l }, ﬂil)

Alternative 2

s
Let x=log, {—)

1
a-1
Then L =a*

a1
l=a"(a-1)
1= g g~
7t +1=a""

AN

Hence the graphs intersec

~

t

J

04 4A/B
glg o - log, 3
o? lng?lr 2 1’ =3
'3 r _: 1 = 2;‘i
3
of =71
OR
. lng? {r—-— l} - Z!lng? 3= Hlﬂg? 2
o log, {J‘ - l} = log, 27 4 log, 92
o’ lng? {r 4 1} — lng? [23 % :_:2}
o' =Tl
04 | 3C,4A/B
2210 o G0 = '“qnf" 0,002 1000
3 G0
© A=
e
o 4433
ol 1?_;1“ _ 'qnﬂ 0.002t
o (L5 = p0ma
o —0.002t = In0.5
o t= 347 years
OR
¢ 6GO0= -‘1..15' 0.002:¢1000
o InA = In600 —Ine 00021000
o) A =4433
05 2C, 1C
P1

Q7




e ao=4
o bh=5
o' domainisr>a
05 4A
P2 E 1 ] I
7 1 Q=T o log |-
Q . lng,llﬁ_r "I:-:—a:
’ 9 )
o use log (b)) =c < b=a o 2log, 4
E__ "
o 5—3?:42 o I']I Th_ 42
s 3=
ol = % ol = 11‘—5
tF] OR ad
05 1B, 4A
P2 : e
Q9 o V_ =252(£m)
ol 950, 0063 _ o0
o} 0B _ 2
' ©om2
1 caars 1 (20
o' —0-06335t = In[ 2]
o =40
06 4A
P1 :
Q10 o lﬁgd{f;} = lﬁgd{rl )
o 3= lngﬂ{r:ﬁ}
o o =47 o log,(a) =+
o a=2 o a=2
OR
o log, (y) = mz + ¢
2 log, (y) = log (a”)
© m=5,c=0 . At A log,(y)=3 ! !
1, 2 3 log, (y) = zlog,(a)
.3 = 4z - ¥ = 1
1 Ly ot a® =43 lngd{a} = l?'
™ :;:l.lil =¥ =g=2 1 9 =4.*3=‘}
OR* - or* “ -
06 5A/B
P2 i -
11 o A(t)=0.884 stated or implied
o2 0OMIZE _ oo
o In {ﬁ'_ﬂmm"} = 111{[].88) stated or implied
o 00001241 = In(0.88)
¢ t=1031 years so claim valid




of  A(1000) = A g ONEEANE
o’ 0.8834, and 1000 vear old pilece of wood
contains 88.3% carbon.
¢ try a point where t > 1030
eg. A(1050) getting 0.8784
o sketch of }-'=_:=1nf.'_0'mm" showing
. a monotonic decreasing function
2. points representing eg (1000, 88.3%) ete
¢’ observation that the point lies between the
two plotted values for t and so claim valid.

07 |4B
P2 1 g1 log (a—1)—22=0 2/i by e
A 2= /1by e
e |,
. l-:-gafﬂ-—'ljl =22
o  a—-1=3"
o a=122
Alt.method 1
o log(a—1)—22=0 a/ibye
o log(a—1)=22
o’ log,(a—1)=log,(11.21)
o' a=122
Alt.method 2
o log(a—1)—22=0 a/ibye
log(a—1)—2.2log,3=0
. lngafﬂ-—1}—]oga|:11 21)=0
3 [a—1) __
. I-:-ga i I 0
o a=122
07 |[2B,2A
P2

Q9




o reflecting in y-aris and passing thr' e.g. (0,1)

" passing thr' 1 more point e.g. (—1,a) or l1,1—1
a

o vertical secaling of "a" and paseing thr' eg. (0,a)

" passing thr' 1 more point e g. I:—'l.ﬂ.-"]l or (1,1)

of
07 1B, 1C, 4A
P2 1 a= 1
Qu |* "73
o* b= 3
a 2} ; 2\ Alternative Method
] ll:rgm{-y} = ]DE'IU (3 x4 } .-| y= 'IUP'T-'-Q
o log,y(y) = log,((3) + log 47 J =109 x(107F
. \ 3 P
o’ log, ,(¥) = zlog, (4) + log, ,(3) » 109 =3 and 107 = 4
6 : n : o8 P=log,4
o gradient = log,,(4) or equivalent S0
08 3C, 5A/B
2123 o h{f(r-j] —nlz*—z+10) s Jiby e
o log, (IE —.I‘+'|[]_‘.l
o log, (5—z)
n [:2 —z+10
. log,
- a—T
—r+10
.D r T+ _ 23
-
o’ r —r+10=28(5—1z)
o ' +Tr—30=0
o z=3, —10
09 4C, 5B
P2

Q3




1 1 8 11 =20
. 1| 1
1 9
1 8 11 =20
1 1 9 20
.2 1 9 20 0O rem=0 A fi)=1+8+11-20=0350 x =115 a root
so x =1 is root OR o (x —1){:{': ......... )
. (x” +9x +20)
G =D+ +3) Stated explicitly
¢ log, (30 +5x-4))  s/lbyS
St esa-n=2°
o st +11x-20=0
F  x=1or x=—4 or x=-5 Stated explicitly here
o x=1only
09 2B, 3A
g% 1o g1 0016x14
> 76 million or equiv. Options
< 102=51"%% 1
4 00043t =In?2 1 610000002016%14
© 1=1612 years 2 76000000
ég convert from log to exponential form o x=4"
Q7 know to and convert back to log form | * log, x=log, 4"

S 3
process and complete o log, x="Pxlog, 4 and complete

1
. Inggr+5|ng3r: 12 of 2log,x+log,x=12
o log,r=58

o v=73% (=p361)

* Jog,x=4
o y=9' (=6561)

or or

o Q+%Q: 12
Q=8

o 20+0Q=12
Q=4

** Jog,x=4

o y=9' (=6561)

o log xr=5

o =13 (=6561)




11

Method 1

P2 , . .
Q5 introduce logarithmstoy = o' log, y=log, kx" stated explicitly
use laws of logarithms o log,y=nlog, x+log, k stated explicitly
interpret intercept ** log,k=5o0r log,y=5 Accept without working
solve for k o k=32or2
interpret gradient 7 =% Accept without working
Method 2
state linear equation o' lor v=tloo x+5 : o Jor v=1los x+5
og, y=5log, x+5 : og,y=5log, x+5
1 1
introduce logarithms o° __+5log,2or ...+log, 2 | ** log,y=log, x> +5
. 1 | ; i ..!
use laws of logarithms o' log,y=log,x2+... | o log, — =5
| Lx2 )
L | i
. rer of Teveram . 4 R T ' i 4 _ a5
use laws of logarithms *° log,y=log,2°: ! . 1= 2
| x?
1 I 1
interpret result o7 y=2%y2 ! o =272
12 equate expressions for y of 4T3
P2 . = 7 (=1
Q7 take logarithms of both sides o log, (4‘ ) =log, L3-“ ) stated, or implied

use law of logs :log_x" =nlog_x .
gather like terms .

use law of logs: ]Dgﬂ r +|uga q= lnga pq .

xlog 4=(2-x)log, 3
x(log, 4+log 3)=2log 3
xlog 12=log 9

; log 9

complete to required form . 100 12 stated explicitly
0g,
log, 9
substitute in for x 7 eg.y=4"%"
process y o egyx4"" 34
Method 2 Method 3
'] 4:: _ 32—:
. B B ) ! 4: — 32—.1:
. 1th_,_£4‘}=?_—: 5
.2 _
o xlog,4=2-x 4 3
o r= —2 o’ 12* =9
l1+log, 4 o log 12 =log 9
. 2log, 3 o xlog, 12=log, 9

log,12




13

P> use correct law of logs . logs [(3—2x) (2 +x)] =1
Q5 stated or implied by
know to and convert to o G-2x)2+x)= 5!
exponential form
express as an equation in o’ 2 +x-1=0
standard quadratic form
solve quadratic o x=1_ x=2
2
13 i i 1 1 25k
P2 interpret half-life . ~ Py=Ppe—
Q9 : :
stated or implied by o
process equation oo o L
,,
write m logarithmic form o log, L =—25k
>
process for k o k=~0-028
interpret equation oo  P=p et
process of P,=0-1065F,
state percentage decrease o 89%
14 Method 1
P1 . . .
Q24 | take logg of both sides of the equation | o' log, v=log, ka”
apply laws of logarithms o log, v=1log, k+log, a”
apply laws of logarithms o log, vy =log, k+xlogga

find k

find a

know to use equation of the line
write in exponential form

apply laws of indices
find k

find a

o logg k=2.k=81 or k=9"=81

o lagga=l.a=3 or a=
Method 2
1 1
1 r=—x+2
. 0Zg ) 3 X
1
.: }! =g-jl'—_
1
.3 y =9"_Tx92
o k=81

. a=3




ANSWERS - Pre 2000 - Exponential Graphs

1 J t=a

o u=0
> both passing thr’ same point on y—axis

o' y=a"starting below y=a" and finishing above |

¢ (1)) For mark 3 For mark 4

o 3=k’ =k=3

o ¥= 3¢ or equivalent

o (1,4-9)

ANSWERS - Pre 2000 - Log Graphs

1 v
o know x=2 is assymptote ///z-”
«?  graph passes thr’ (3,0} 2

[¥] x
2 graph passes thr’ another marked point e.g. (12,1) /

2 o' logio(-2+@)=0
.2 3
3
Jog==2 OR ' 1=log,(7+a) and 0=log,(a+3)
o 1=log,(7-2) o2 74a=b and a+3=1b"
o b=5 o a4=-2, b=5

ANSWERS - Pre 2000 - Log Graphs using Laws of Logs

1
o' strar: logs2x =logy 2+ logy x
4 translating graph upwards 1 unit

# (—% ,0) clearly marked

2
o' sketch of new function e . logs o =—logs x

2
*  logsx+1=0 ada | [/ «”  reflect in x - axis

o (%; ] ;{',m *

3 o =2

o 3=alog,?2 stated or implied

or (4-b)"' =8

o a=3




o x,=-45

o 5logyp(2x+10)=8
3 axr10-10°

A x=14.9

*" any consistentapproximation

between 1.7 and 1.8
*°  between 1.75 and 1.80
176

" graph of y = logyy x with one annotated point eg (1,0)

graph of y = 2— x with two annotated points eg (2,0) and (0,2)

ANSWERS - Pre 2000 - Log Equations

! P
- 6-5= l{]‘ll}g]g [ﬁ)

o p=30x10"*
" 134 phons

o x=logs 12
Z5 =12
log5* =logl2

4 logl2 log, 12
- —‘T or or
logyy log, 3

o k=log,p andk=3log.q

k
** logp=3logq or p=¢" and

2 3
* g=p or p=4

. q-_—zﬁ

ANSWERS - Pre 2000 - Exponential Equations

1 o use logs o

OR
* W3 =42 .

«°  xIn3=In4? .

. 3-402 4

use logs

x = log; 42

oo Ine2
~ In3

3.402

OR

use exponentials
X
(fl-ms-&) _42

1:0986x = In 42
3-402

2 o 40

. %1-5! —80
« 1.-5i=In2
o (=046

* 28 minutes




75 = .[me—k:-fl.'i '4 Tis = ?58—0.01923-(15

In0.75 = ~15k o> fall=18.75
k= 00192

or Ty = 100012530

9=10¢ "
~3k=log.0-9
0-04

e™ =05

a correct value for ¢

(a)

(b)

(c)

el
ol

e
ot
o5

b
ol
B

= 5m,e-0.ﬂ2>clﬂ
409.37 grams

250 = 500e"%
In250 = In 500 - 0.02¢ x 1 or equiv.
34.7 years

Ihass m

{0,500)

any two of the 3 points
the remaining point
a decreasing curve

time t

(0,5)=a=5

20 = 5¢>F

eqg. In20=1In5+3kIne
k=0462 (Accept Jlnd)

y=>5e

K(x-3)

10 = EDE—ZH'
0.2 = E-m
—24k=1n0.2
24k =-1.609
k = 0.067

lCE'lDW]IIg to find P_g_
P, — SDe—U.DﬁTXfl

35
38 = 30 so can be driven further




1 5700k
7 Yo = Woe

. ln% = 5700k

. k =-0.000122

4 =0.000122:=1000
B y=yee
.5 _!"- = LR
Yu
[
. 88.5%

@ o 90=120
o2 o*_075 or In90=1n120+Ine 4
o} In075=-4k
o k=00719

B &° g =TIpe 7Y stated or implied by o
6 Io 487
Iy

o/ 51.3% reduction

ANSWERS - Pre 2000 - Graphs with Log Axes

1 1 4 2
»  use y=mx+c o logipy=logppx +1
5 2
 logioy=2logipx+1 +" logigy =logye10x
. log1p ¥ = 2logyp x +1og)p 10 o y= 10x°
2 @ log, y =log, ae”™

o log, y=log,a+log, o
o log, y=log,a+bx

() o' evidence forstra tegy being carried out
will be appearance of two equations at o stage
. e.g. 3.1b+loga=9.99, 52b+loga=16.29
. strategy: know to subtract
. b=3
o3 2= EP[]'.G‘J'

. a=2




(a)

(b)

eg. m=3
eg. B70=3x2.65+c or equiv.
eg Y=3X+075

Iny=3Inx+0-7
Iny= In2.01x°
b=3

a=201

(a)

(b}

= m% stated or implied
y=mx+4 stated or implied
loge I=-%log,.t+4

log, t_g
log, 54.6

log, 5a.6t "
1=546t"%




